Nucleosomes are the dominant autoantigens in patients with systemic lupus erythematosus (SLE), and immune complexes involving nucleosomes are the major cause of tissue damage. The activity of DNase I, the enzyme responsible for nucleosome degradation, has been found to be decreased in patients with SLE. However, it is not known whether DNase activity is a clinically useful parameter. The aim of our study was to assess DNase activity in a prospective study of 113 patients with SLE in relation to disease activity and organ involvement. We included two control groups: 9 patients with undifferentiated connective tissue disease (UCTD) and 14 healthy individuals. DNase activity was found to be lower in patients with SLE (63.75% ؎ 12.1%) than in the controls (81.3% ؎ 9.25%) (P < 0.001). DNase activity in patients with UCTD (64.9% ؎ 18.2%; P ‫؍‬ 0.854) did not differ from that in patients with SLE. Patients with SLE had higher antinucleosome antibody titers (356.3 ؎ 851) than the controls (1.44 ؎ 2.77; P < 0.01) or UCTD patients (39.9 ؎ 57.7; P < 0.01). In addition, samples positive for antinucleosome antibodies displayed low levels of DNase activity. Within the SLE group, the presence of renal disease had no impact on DNase activity or antinucleosome antibody titers. Also, the SLE disease activity index showed no correlation with DNase activity. In a longitudinal study of six SLE patients, DNase activity did not follow disease activity or autoantibody titers. Our results confirm that serum DNase activity is decreased in patients with SLE, but we conclude that it is not a clinically useful parameter for the prediction of flare-ups of disease or renal involvement.
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the production of a wide range of pathological autoantibodies. Those directed against chromatin components, e.g., double-stranded DNA (dsDNA), histones, and the nucleosome, are of paramount pathological importance (6, 8, 20) .
Recent studies of patients with SLE suggest the increasing diagnostic importance of antinucleosome antibodies, in addition to antibodies directed against dsDNA (1, 17) . These circulating antibodies may form immune complexes with their target antigens, the glomerular deposition of which will lead to the development of renal damage (12, 14) .
The incidence of immune complex-mediated glomerulonephritis (GN) among SLE patients varies from 30 to 60%. Several studies have confirmed that autoantibodies are produced through an antigen-driven T-cell-dependent mechanism (13, 23, 27) . According to this model, the defective clearance of apoptotic cell debris predisposes individuals to SLE through the accumulation of the chromatin components arising from the dying cells (5, 28) .
DNase I (pancreatic DNase) and DNase II (spleen acid DNase) cleave nucleosomal DNA, which promotes the disposal of circulating nuclear material. DNase I, a glycoprotein with a molecular mass of 30,400 Da, is a cation-binding secretory endonuclease that digests dsDNA in a sequence-dependent manner (24) . DNase II, a glycoprotein with a molecular mass of 45 kDa, is an endonuclease with an acidic pH optimum and no requirement for bivalent cations. It is present in lysosomes, nuclei, and some secretions (16) .
For a long time it has been suspected that defects in DNase I may play a role in the development of SLE and lupus nephritis (11) . Studies of SLE-prone or DNase I-deficient mouse strains have confirmed this model (15, 19) . We set out to test the hypothesis that SLE patients have decreased serum DNase activity compared to those of healthy controls and patients with undifferentiated connective tissue disease (UTCD), a condition related to SLE.
We also investigated the differences in DNase activities and serum antinucleosome levels between two subgroups of SLE patients, those with and without renal involvement. Finally, the relation between DNase activity and SLE disease activity was also studied.
MATERIALS AND METHODS
A total of 113 SLE patients (33 with active GN and 18 with a history of GN) were enrolled in the study, after they provided informed consent. Of these 113 patients, 105 were females and 8 were males (mean Ϯ standard deviation [SD] age, 38.3 Ϯ 14.1 years; age range, 13 to 79 years).
A total of 185 serum samples were obtained from these patients. Patients were monitored at three outpatient clinics of Semmelweis Medical University, Budapest, Hungary, and all fulfilled the revised criteria for SLE of the American College of Rheumatology (25) . The sera from nine patients with UCTD (18) (7 females and 2 males; mean Ϯ SD age, 45.8 Ϯ 11.9 years) and from 14 healthy individuals (11 females and 3 males; mean Ϯ SD age, 43 Ϯ 22.1 years) were used as controls. Venous blood samples were taken without anticoagulation; sera were stored at Ϫ20°C for up to 1 month. Long-term storage was performed at Ϫ80°C. If more than one serum sample was available, the patients in the cross-sectional studies were characterized by their mean DNase and antibody levels. Individual data were used for longitudinal studies.
Antinucleosome and anti-dsDNA antibody levels were measured by an enzyme-linked immunosorbent assay (ELISA; Orgentec GmbH, Mainz, Germany), according to the instructions of the manufacturer. Serum DNase activity was also measured by an ELISA (Orgentec), according to the instructions of the manufacturer. Briefly, DNase enzyme from patients' sera was allowed to react with the specific substrate coated onto the plate during incubation at 37°C for an hour, followed by the addition of horseradish peroxidase-conjugated antibodies to the residual DNase substrate. The developing color of the tetramethylbenzidine substrate is in negative correlation with the amount of active DNase present in the serum sample tested. A standard series was included with the kit.
All determinations were done in two replicates. Samples for longitudinal studies were measured together to preclude the errors derived from interassay variability.
SLE disease activity was expressed by the SLE disease activity index (SLEDAI) (7) . The data were first analyzed by descriptive statistics. Student's t test was used for comparison of the mean DNase activities, as this parameter was found to have a normal distribution in the groups investigated. Continuous but not normally distributed variables, such as the antibody levels, were compared by the Mann-Whitney U test. The Spearman (nonparametric) rank-order correlation coefficient (r S ) was determined to characterize the correlations between variables.
RESULTS
The DNase activity in the sera of SLE patients was found to be lower than that in the sera of the controls (means Ϯ SDs, 63.75% Ϯ 12.1% and 81.3% Ϯ 9.25%, respectively; P Ͻ 0.001) ( Fig. 1) . The normal range of DNase activity is 70 to 100%, according to the kit manufacturer.
SLE patients had significantly higher antinucleosome antibody titers (356.3 Ϯ 851 IU/ml) than the control group (1.44 Ϯ 2.77 IU/ml) (P Ͻ 0.01) (Fig. 2) .
The DNase activity in the group of SLE patients without renal involvement (65.48% Ϯ 13.04%) did not differ significantly from those in individuals with active GN (60.95% Ϯ 11.23%; P ϭ 0.082) or those with a history of GN (63.5% Ϯ 10.32%; P ϭ 0.505). The difference in the DNase activities between the two groups of patients with present and former renal involvement was not significant (P ϭ 0.420).
The antinucleosome antibody levels were almost equally high in the following three groups of SLE patients: patients without GN (459 Ϯ 1,120 IU/ml), patients with active GN (247 Ϯ 344 IU/ml), and patients with a history of GN (171 Ϯ 183 IU/ml). No statistically significant difference was found between these values (P Ͼ 0.05 for all comparisons).
The UCTD patients had decreased serum DNase activity, similar to the SLE patients (64.9% Ϯ 18.2% and 63.75% Ϯ 12.1%, respectively; P ϭ 0.854), but their serum DNase activity was not significantly different from that of the control group (P ϭ 0. 295) (Fig. 1) .
The antinucleosome antibody titers in the sera of the UCTD patients were significantly lower than those in the sera of the SLE patients (39.9 Ϯ 57.7 and 356.3 Ϯ 851 IU/ml, respectively; P Ͻ 0.01) and were significantly higher than those in the sera of the controls (39.9 Ϯ 57.7 and 1.44 Ϯ 2.77 IU/ml, respectively; P Ͻ 0.01) (Fig. 2) .
Serum DNase activity negatively correlated with the logarithmic value of the serum antinucleosome antibody concentration (r S ϭ Ϫ0.256). This correlation was found to be statistically significant (P Ͻ 0.01). In support of an association between antinucleosome antibody production and DNase levels, we found that SLE patients with positive antinucleosome antibody test results (defined as a titer Ն20 IU/ml), as a group, had significantly lower DNase activities than their antinucleosome-negative counterparts (63.3% Ϯ 13.3% and 71.7% Ϯ 13.0%, respectively; P Ͻ 0.001).
No correlation between DNase activity and SLEDAI (r S ϭ Ϫ0.073; Fig. 3 ) was found within the SLE group. Not surprisingly, log antinucleosome antibody levels correlated significantly with SLEDAIs (r S ϭ 0.369; P Ͻ 0.01) ( Fig. 4) , as did the log anti-dsDNS levels (r S ϭ 0.494; P Ͻ 0.01).
During a longitudinal study, we found that DNase activity in the sera of six patients did not follow the SLEDAI score or the antinucleosome or anti-dsDNA levels (Fig. 5 ).
DISCUSSION
Our observations confirm previous reports (11, 26) that DNase enzyme activity is significantly decreased in the sera of SLE patients compared to those in the sera of healthy individuals.
The sera from the small group of patients with UCTD showed similarly decreased DNase activity. Monitoring of these patients should clarify whether UCTD patients with re-duced DNase activity are more prone to the development of SLE than those with nearly normal DNase activity.
The reasons for the reduced enzyme activity have not been determined. A mutation in the second exon of the DNASE1 gene has been reported (29), but its low prevalence does not explain the decreased activity of the enzyme in most SLE patients (3, 10, 21, 26) .
There are conflicting reports on an inhibitor responsible for the reduced DNase activity. Some suggest the presence (30) and others suggest the absence (11, 26) of such a factor, thought to be an antibody (30) .
One might expect lower DNase activity in lupus patients with GN. However, we did not find a significant difference between the DNase activity of our patient groups with and without lupus nephritis. This indicates that reduced DNase activity is but one factor involved in the development of immune complex-mediated GN.
In this study, antibodies against nucleosomes were found in 79.7% of SLE patients. Other groups report prevalences ranging from 37.5 to 100% (4, 9, 17, 22) . Although antinucleosome antibody titers show a correlation with SLEDAI, the association is probably a consequence of the strong correlation between antinucleosome and anti-dsDNA antibody titers, with the latter being an important component of SLEDAI. Similar results have been published previously (17, 22) , but not all investigators have found the same correlation (2) , perhaps due to the characterization of disease activity by the use of scoring systems other than SLEDAI (European Consensus Lupus Activity Measurement [ECLAM] or Systemic Lupus Activity Measure [SLAM]) (4, 9) . It is of interest that one of the studies with negative results used the same kit used in the present work to measure antinucleosome antibody titers (9) .
The balance between the levels of circulating nucleosomes, DNase, and antinucleosome antibodies is likely dynamic. Therefore, it is difficult to prove a causative role of decreased DNase levels and, consequently, elevated nucleosome antigen levels in any cross-sectional study. For example, Amoura et al. (2) found that SLE patients with increased circulating nucleosome antigen levels have low antinucleosome antibody levels, suggesting that the formation of immune complexes is a process involved in the clearance of intact nucleosomes, while the activity of DNase, another potential clearance mechanism, was not investigated. These data by Amoura et al. (2) do not contradict the pathogenic role of low DNase levels in SLE. Clear proof of the possible association would require simultaneous investigation of DNase activity and circulating nucleosome and antinucleosome antibody levels.
In summary, our results indicate that reduced serum DNase activity is characteristic of SLE but is not a clinically useful parameter for the prediction of disease activity or renal involvement.
